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'p^ Abstract 

We explain the enhanced di-photon signal of the 125 GeV Higgs boson, h, observed by the 
■ ATLAS and CMS collaborations by identifying it with the neutral of the two Higgs doublets 

of minimal Super symmetry. The off-diagonal element of the {H^,H^) mass matrix in the flavor 
basis must be suppressed so that there is nearly no mixing. A direct corollary is the suppression 
of h to di-tau and b-quark pair decays. The constraints on the other SUSY Higgs states {H, A, 
H^) are severe; all must have masses comparable to mh and their LHC signals are unambiguously 
predicted. 
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A 77 enhancement of the 125 GeV Higgs boson signal relative to the Standard Model 
(SM) Higgs expectation has been reported by the ATLAS {]J and CMsj2| experiments at the 
LHC We explain this result in minimal Supersymmetry by a nearly zero mixing between 
the neutral CP-even Higgs flavor states H^,H^, with the 125 GeV Higgs signal identified 
with . The 125 GeV Higgs to rr decay is correspondingly predicted to be almost absent. 
The required suppression of the off-diagonal element of the mass matrix in the 

flavor basis implies a cancellation of tree-level and loop-contributions and implies a light 
mass spectrum of the the other Higgs bosons {H^, A^, H^). The other CP-even Higgs, H^, 
is identified with the flavor basis state H^. The production and decays at the LHC of these 
yet-to-be observed Higgs SUSY Higgs bosons are predicted. 

Ratios of the SUSY Higgs couplings to those of the Higgs The SUSY Higgs mechanism 
is based on the two Higgs doublet model of type Il[3|-l5| with one Higgs doublet Hu coupled 
to up-type quarks and one Higgs doublet coupled to down-type quarks. After spontaneous 
symmetry breaking the physical Higgs states are two CP-even neutral Higgs h, H, one CP- 
odd neutral pseudo-scalar A and a charged Higgs H"^. The neutral Higgs bosons are related 
to the flavor eigenstates and by 




(1) 



where a is the CP-even Higgs-mixing angle, and /3o is the CP-odd mixing angle which coin- 
cides with /3 of tan/3 = Vu/vd- G is Nambu-Goldstone boson that becomes the longitudinal 
degree of the Z boson. We use the notation Sa = sina, Ca = cosa, and ta = tana. 
We focus first on the lightest Higgs boson /i, which has the composition 



= c^Hl - s^H', . (2) 

The ratios of the h couplings to those of the SM Higgs hsM, which are denoted as 

rcci= 9hcc/9hsMCc), are given by 

rO^ = sin(/5-a), r,'^, = r*, = ^, r,^, = r^!. = rj, = ^ . (3) 

■S/3 C/3 

The corresponding partial decay widths relative to those of Hsm are given by the absolute 
square of these r!^Q. 
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By using these coupling ratios, the gg,'j'j couphng ratios r^^^^^ to those of hsM are 



obtained jo I by 



1.03^ + (-0.059 + iO.081)^ 

1.03 + (-0.059 + ^0.081) ' ^ ' 

|1.19 sin(/3 - a) - |l.03£^ - ^(-0.059 + iO.081)^ 

|l.l9-|l.03-|(-0.059 + «0.081) ' ^' 

where the first (second) terms in the numerator and denominator in Eq. ([6]) represent the 
top(bottom)-quark triangle-loop contributions, and the first terms in the numerator and 
denominator in Eq. ([7]) represent the VT-boson triangle-loop contribution. The bottom 



quark contribution in r^^ becomes significant compared with the top contribution only when 



LlUUtlUli Hi / 

tan/3 ~ 10. 

The cross section ratios of the process, XX h ^ CC relative to hsM are obtained 
as follows 

XC ^ ^^^^^^ = tkiM , (6) 

O'XX^hsM^CC R 

Rh = Q.58\r^f + 0.06|r^j2 ^ o.24|r()^p + 0.09|rJJ2 + 0.03|r,^j2 , (7) 



where R^ is the ratio of the h total width to that of hsM and we have used the branch- 
ing fractions of the 125 GeV hsM decays to bb,TT,VV{= WW* + ZZ*), gg,cc, which are 
predicted ?!, respectively, as 0.58, 0.06, 0.24, 0.09, 0.03. XC for the various processes are 
determined only by two parameters, a and tan/3. They are plotted as a function of a in 
Fig. □ for tan/3 = 10. 

It can be seen in Fig. 1 that the 77 cross sections relative to hsM are sharply enhanced 



and reach a maximum of about 3j8| in the vicinity of a = 0, where h = H^. There, the rr 
and b-pair decays are highly suppressed. The rr suppression factor is 



I TT I 



-Sr 



< 1 -> |«| < (8) 
' ' tan/3 ^ ^ 



for moderate values of tan/3, tan/3 > 5. Thus, a must be flavor-tuned to be close to zero in 
order to reproduce the 77 enhancement. This fiavor-tuned Higgs boson is different from the 
decoupling limit where a = /3 — | and r:^^ = 1. 

The predicted values of XC for a = are compared with the experimental data in 
Table [B The maximum value of g'-y = 3.1, but a small non-zero a value can lead to (77 ~ 2. 
Correspondingly, gb ~ 0.6 The XC are almost independent of the value of tan/3. The 




FIG. 1. a dependence of the cross-sections XC of various processes relative to the SM Higgs. We 
consider five quantities XC = g^,V'^,gV, Vb and gr, corresponding to gg — )■ 77(dotted black), 
VV — )■ 77(dashed green), gg — )■ VV(WW* or ZZ*) (long-dashed blue) which almost overlaps 
with (77, gg — )• 66, rf, /i/i(solid orange), and VV — >• 66, r-f(dot-dashed red), h = H^{H^) and 
H = H^{H^) when a = 0(7r/2) . Here the a = Tr/2 corresponds to H = with the same mass. 



predicted suppression of the b-pair signal is at variance with the reported Tevatron HI] 
signal which has about a 3 sigma significance. We predict gj = gZ. Thus, the actual ratio 
of the event numbers is calculated as agg^zz*-^^/ o'gg^-yy = BF{Z — )• l^l^)^BF{hsM 
ZZ*)/BF{hsM ^ 77) = (0.0337)2 ^ 0.0264/0.00228 = 0.0131 . 

By using the coupling ratios r^fj with a = 0, the h total widthfol is obtained as Fj^^^ = 
1.5 MeV which is compared with F^^^" =4.07 MeV[71] at ruhsM = 125 GeV. 
Flavor- Tuning of the mixing angle a The squared- mass matrix of the neutral Higgs in the 



u, d basis is given in the 1-loop level[9|, llO[ approximation as 

m^c^ + M^sj^ + Loopii -{fn\ + MDspCp + Loop^s 
-{m\ + MDspCp + Loopi2 
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(9) 
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TABLE I. XC = a{XX CC)/a{XX h^^ CC): The Higgs-signal cross sections at 
the LHC relative to the SM Higgs cross sections in the flavor-tuned (FT) model with a = and 
a = 0.06 in the case tan/3 = 10. These values are compared with the experimental values by 



CMSy] and by ATLAS [l|. VV — >• tt,^^ are determined by CMS from di-jet diphoton events. 
The bb signal of the second row is inferred from the Tevatron datajll|. The cross sections are 
obtained from XC x axx-^hsM^^Q^SM-^cc) where the hsM production cross sections cxx^hsM 



are given 



121 by 19.5 pb for 55-fusion, 1.56 pb for VBF, 0.697 pb for W WhsM, and 0.394 pb 



for Z — )• ZhsM, for 125 GeV hsM- 

where — )• represents the large tan/3 limit. Here At, Ai, are the soft SUSY breaking trilinear 
parameters, Xt = At — /icot/3, and ht, hb are Yukawa coupling parameters. Xt also appears 
in the off-diagonal element of the scalar top mass-squared matrix. The — e is the value of 
— (m^ + M|)s/3C^ for a large tan/3. The flavor-tuned (FT) model, where a ~ 0, requires a 
cancellation of this — e term by Loopi2 leading to Ai^u 12 = . 

The 125 GeV mass of h suggests the Xt value 131] Xt ~ — a/6Msusy, however, taking 
Xt ~ — 2MsusY close to the maximal mixing is sufficient to reproduce the observed rrih 
for MsusY > 1 TeV. If we take /i/Msusy = 1) -^^12 = is reproduced when = 
(3M^/2, Mz, Mz/2) corresponding, respectively, to tan/3 = (45, 28, 17) . Thus, small ijia 
and large tan/3 values are implied. The masses of heavier Higgs H, charged Higgs are 
given in the tree-level as 



Mfj = Ml + M|sin22/3, = + 



(10) 



The radiative corrections to these tree-level relations are expected to be small. All these 
Higgs bosons should have masses of 0{Mz)- Their masses are estimated in three cases of 



tan/3 niA rnu mjj+ 

45 3Mz/2 164 GeV 159 GeV , , 

(11) 

28 Mz 129 GeV 122 GeV 
14 Mz/2 102 GeV 92 GeV 

where the value of tan/3 is obtained from the cancellation condition M'hi2 = in Eq. ([9]): 
Xt/MsusY — At/Msv^£_^ —2 and /i/MsusY — 1 are used. The rriA = SMz/2 case is already 



excluded by the CMS[lJ], but the lighter ttia solutions are still viable. 

The other neutral CP-even Higgs H = couples to the bb, tt, fifi channels. The rr 
channel provides a way to detect H and A |JLj]. The XC and results from the couplings 



. r 1.03^ + (-0.059 + i0.081)^ 

I vv ~ '^P-a, I tt — ' cc — y ' bb — ' TT — ' fifi — ^ ' gg 



sp' cp' 1.03 + (-0.059 + Z0.081) ' 

^ _ |1.19 cos(/3 -a)- §1.035 ~ |(-0-059 + «0.081)£^ 

~ |1.19 - |1.03 - |(-0.059 + zO.081) ^ 

where we use the same numbers of triangle functions as Eqs. (H]),© by simply taking mn = 
rrifi = 125 GeV. Unlike h, the H decays to 6-quark pairs are dominant. 

The XC and formulae for CP-odd neutral state A are obtained from the couplings : 

rvv = 0, rf, = ri = -ij, t-\ rj^ = rf, = rf^ = -275 tp. 

^ l.57t-^ + (-0.066 + i0.080)t^ 
'^^^ ~ 1.03 + (-0.059 + ^0.081) ' 
^A ^ -|l.57t^^-|(-0.066 + 20.080)t;3 

^'^^ |1.19- §1.03- |(-0.059 + i0.081) ^ ^ 

where we again simply take rriA = Tn^ =125 GeV. The A boson is not coupled to VV. 

By taking tuh and itia commonly 125 GeV we obtain the following values of XC at 
tan/3 = 10. 

Vt qb gr g'y gW gZ 
H 0.02 0.02 1.6 0.0 0.0 0.0 0.0 (14) 
A 0.0 0.0 1.45 0.0 0.0 0.0 0.0 

where we ignore deferences in QCD i^-factors of H and A production relative to hsM- Here 
gr = 1.6 means that 1.6 times more events compared with hsM with the same mass. The 
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FIG. 2. tan/3 dependence of the cross-section ratios gr of A to the SM Higgs. gr for H{A) is 
sohd black(dashed blue). 

tan/3 dependence of gr = gb = gjj, is shown in Fig. |2l When the H = or A are detected 
in this channel, tan/3 will be determined at the same time. 

For the A-state the fifi channel is also promising. Its collider signature is investigated in 



refs. 
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16|. 



The decay Branching fractions(%) of H, A are given by 



a = bb TT gg 77 WW* ZZ* 
H 91 9 0.13 0.001 0.049 0.006 
A 91 9 0.11 0.00 



a = 0.06 bb tt gg 77 WW* ZZ* 

H 91 9 0.12 0.019 0.008 0.001 (15) 
A 91 9 0.12 0.000 

They dominantly decay to bb. The decays [itI dominantly to r+z/^ and cs. 

The light can be probed in top decay t — )■ H^b. The tan/3 dependence of the 
BF{t H+b) is shown in Fig. [31 

The experimental upper limit l| is BF{t H+b) < 0.05(0.01) for mH+ = 90(130) GeV, 
which allows 5 <tan/3 < 11 (3 < tan^S < 21) for m^^+ = 125(90) GeV case. 

The light gives a large loop-contribution to 6 — )■ S7, but this can be cancelled by 
the chargino loop. A recent study 19|] of natural SUSY which includes the light mH+ is 
consistent with the the b ^ s'y experimental branching fraction. 



Concluding remarks 
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FIG. 3. tan/3 dependence of the branching fraction BF(t — )■ H^b). mj^+ = 125 GeV is taken. We 
use r^ot = 1.3 GevQ- 

The observed enhancement of the diphoton cross section relative to the SM Higgs predic- 
tion can be explained in the flavor-tuned model with h = The maximum enhancement 
reaches sjs] in the case of no mixing a = in the (if^, if °)-basis. This diphoton enhance- 
ment is due to reduction of the bb decay width compared to hsM- There is a corresponding 
reduction of the h to tt signal. 

The vanishing of the neutral Higgs mixing angle a requires that the masses Mh, Ma and 
are the electroweak scale. Their production and decays are unambiguously predicted 
by the FT model and can be probed by the LHC experiments. In reality, the value of a 
should not be precisely zero, since its smallness depends on a cancellation of tree-level and 
radiative corrections in the 12 element of the neutral Higgs mass matrix. Thus, the Higgs 
branching fractions could be shifted somewhat with non-zero but small a, as shown in Fig. 
1 for the 125 GeV h. A non-zero alpha will also allow some latitude in the predicted H, 
A, mass spectrum from the idealized a = result. If one of the neutral SUSY Higgs 
bosons has a mass similar to that of the /i-boson, there may be confusion in separating the 
signals. The allowed "sweet-spot" for a A-boson of mass ~ rrih is tan/3 = 5-10. 14 1 
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